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TRANSITORY CURRENT RECIRCULATION

THROUGH A POWER SWITCHING TRANSISTOR

DRIVING AN INDUCTIVE LOAD

BACKGROUND OF THE INVENTION

1. Field of the Invention |
The present invention relates to electronic circuits for

driving inductive loads utilizing semiconductor power
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devices to drive the load and, more particularly circuits

of this type monolithically integrated.
2. Description of the Prior Art

It is known that the driving of highly reactive loads

presents transitory related problems. For instance,
when a current through a grounded inductive load is

suddenly interrupted, a negative overvoltage is gener-

ated across the load, caused by the discharge of the
energy stored by the inductance during a charging
phase (at the start of the current flow through the in-
ductive load). Such a peak of negative voltage, if un-
checked in terms of intensity, may cause the breakdown
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of junctions and, in case of monolithically integrated

circuits, may cause the triggering of other transistors
and of related problems. In this situation, the necessary
intervention is that of providing means for discharging
the energy stored in the inductance while limiting the
negative overvoltage to an absolute value lower or
equal to one VBE (Base-Emitter voltage).

- According to known practices, there are substantially
two types of circuits used for this purpose.

A first solution contemplates connecting a recircula-
tion diode across the inductive load to provide a recir-
culation path to the current for discharging the stored
energy. '

Another solution contemplates recirculating the dis-
charge current of the energy stored in the inductive
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load through the same power switching transistor, by

connecting a control Zener diode between the base and
the collector of the power transistor;
The first solution has the disadvantage of requiring at

least an additional power device, i.e. the recirculation

diode, having the capacity to WIthstand the passage of

the peak discharge current.
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The second solution, although using advantageously -
the same driving power transistor for recirculating the

discharge current, requires the conirol Zener diode to
be designed case by case in function of the supply volt-
age of the circuit in order not to interfere during the
charging phase of the inductance.

SUMMARY OF THE INVENTION

The present invention proposes a new and advanta-
geous circuit which, differently from the circuits of the
prior art, does not require the use of an additional

power device for functionally recirculating the dis-

charge current while being at the same time substan-

tially adapted to whatever supply voltage is utilized by

the circuit.
According to an aspect of the present invention, it is

further possible to insure that the recirculation of the

discharge current of the energy stored in an inductive

load takes place below a predetermined maximum volt-

age also in the presence of a concomitant anomalous
increase of the supply voltage of the circuit caused by
“dumping” effects.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The invention and the advantages thereof will be
more easily understood through reference to the an-
nexed drawmg, wherein:

FIG. 1 is a diagram of the circuit of the invention;

FIG. 2 shows the circuit of the invention made with
devices of opposite polarity in respect to those utilized
in the circuit of FIG. 1;

FIG. 3 is a circuit diagram of another embodiment of
the circuit of the inventton.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In all figures the inductive load is indicated with L,
the power switching transistor is indicated with Tpw
and the drive circuit is shown by the elements drawn
inside the dash line block indicated with 1.

The circuit of the invention, shown in FIG. 1, con-

templates the use of a control transistor Tc (NPN) of

opposite polarity in respect to that of the power transis-
tor Tpw (PNP). The emitter of the control transistor Tc
is connected in common to the collector of the power
transistor Tpw, the collector of the control transistor

Tc is connected to the base of the power transistor and
the base of the control transistor is connected to the
ground node of the circuit.

Substantial analogous is the circuit depicted in FIG. 2
made with devices of opposite polarity, i.e. an NPN
power transistor Tpw and a PNP control transistor Tc.
Essentially, the circuits of FIG 1 and of FIG. 2 operate
as follows.

When the drive signal to the power switching transis-
tor Tpw is interrupted, a negative (FIG. 1) or a positive
(FIG. 2) overvoltage develops across the inductance L.
When this voltage reaches a value corresponding to the
value of one VBE, the control transistor Tc turns-on
and drives to conduction the power transistor Tpw.
The control transistor Tc¢ withstands a minimum frac-
tion of the discharge current of the energy stored in the
inductance L (i.e. a fraction equal to 1/8 of the dis-
charge current, where 8 is the current gain of the
power transistor Tpw) and therefore it may be a transis-
tor of relatively smalil size. An advantage of this circuit
in respect to the known circuits is that of allowing recir-
culation of the discharge current from the inductive
load through the power transistor Tpw at a voitage
equal essentially to the supply voltage plus an overvolt-
age which, independently of the actual value of the
supply voltage, is limited to the value of one VBE with-
out requiring the use of a recirculation power device.

As will be apparent to the skilled technician, recircu-

‘lation of the discharge current of the inductance may

also be conducted at incrementally increased voltages
(increased by a multiple number (n) of VBE), if so de-
sired by inserting (n) diodes or (n) Zener diodes in series
between the collector of the power transistor Tpw and
the emitter of the control transistor of opposite polarity
Tc. |

Notwithstanding the undiscussed advantages in re-
spect to the prior art circuits, the circuit of the inven-
tion, as depicted in FIG. 1 and in FIG. 2, remains unable
to limit the maximum absolute value of the total voltage .
at which recirculation through the power transistor
Tpw of the discharge current from the inductive load
takes place, should an anomalous increase of the supply
voltage (e.g. caused by a dumping effect) be concomi-
tant with the switching off of the current through the
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load. Under these accidental circumstances the power
device Tpw may be subjected to an excessive voltage.

When these circumstances are ant1c1pated the circuit of
the invention may be modified in order to make the
circuit capable of obviating also this additive problem,
through the addition of a secondary recirculation means
which is brought into conduction by the raising of the
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utilizing substantially a single power device for driving
the inductive load as well as for recirculating the dis-
charge current of the load. The secondary recirculation
means, namely the diodes D1, D2 and DZ1, must, in
fact, be capable of withstanding a fraction of the recir-
culation current which flows almost exclusively

~ through the power transistor Tpw.

supply voltage above a pre-set value and determining,

in all instances, the turning-on of the power transistor.

Such a modified embodiment of the circuit of the
invention is shown in FIG. 3. The operation of the
circuit may be described as follows. In the case of nor-
mal operating conditions, i.e. with a normal value of the
supply voltage, when interrupting the driving of the
power switching transistor Tpw (for example by open-
ing the switch S1 of the drive circuit 1) a positive over-
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voltage across the inductance L develops. When this

overvoltage reaches the value corresponding to
VAL+VBE7.+VBEp; (where VAL is the supply
voltage), the power device Tpw turns on again because
of the turning-on of the PNP control transistor Tc
which acts as a driver.

In case the circuit is occasionally subjected to posi-
tive overvoltages over the normal value of the supply
voltage VAL, the circuit behaves as follows.

When driving of the power transistor Tpw is inter-
rupted, if a concomitant positive overvoltage on the
value of the supply voltage VAL is present, the addi-

tional recirculation means formed by the diode D2 and .

by the Zener diode DZ1 forces the control transistor Tc
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and consequently the power transistor Tpw to turn-on

whenever the voltage of the output node Voyrreaches
a value given by:

VBE7:+ VBEp:+ Vpzi;

this taking place through the tnggermg of the Zener
diode DZ1 and of the consequent turning-on of D2 and
of Tc.

In this way the maximum recirculation voltage affect-
ing the powgr transistor Tpw may be conveniently
limited thus positively preventing the power device
Tpw from being subjected to destructive voltages even
in the presence of high overvoltages on the supply at
the instant of interruption of the driving of the power
switching transistor.

From the point of view of monolithic integration, the
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embodiment depicted in FIG. 3 offers the advantage of

allowing relative lower voltage fabrication process
because the circuit of the invention provides a reliable

Of course, the circuit of FIG. 3 may be made with
devices (transistors) of reverse polarity by inverting all
the polarities of the circuit.

We claim:

1. A circuit for recirculating a dlscharge current of an

inductive load through the same power switching driv-

‘ing transistor of a first polarity having an emitter con-

nected to a first supply rail, a collector connected to one
terminal of said inductive load, the second terminal of-
said inductive load being connected to a second supply
rail, and a base to which a driving signal is applied,

comprising:

a transistor of opposite polanty with respect to the
polarity of said power switching transistor and
having an emitter a collector and a base;

the emitter of said transistor of opposite polarity
being connected to the collector of said power
transistor;

the collector of said transistor of opposite polarity
being connected to the base of said power transis-
tor;

a first diode having a cathode connected to the sec-
ond supply rail operatively at a positive voltage
with respect to the first supply rail; |

a second diode having an anode connected to the
anode of said first diode;

a Zener diode having a cathode connected to the
cathode of said second diode and having an anode
connected to the first supply rail;

the base of said transistor of opposite polarity being
connected to the anodes, connected in common,
respectively, of said first and of said second diode,
said Zener diode and second diode establishing a

threshold voltage on said transistor of opposite

polarity, whereby said driving transistor is ren-
dered conductive when said driving transistor’s
collector voltage exceeds said threshold voltage,
and the voltage across said driving transistor is
limited to a voltage established by said Zener di-
ode, and second diode. | |
2. A circuit of claim 1 further comprising a drive

protection of the power transistor against breakdown. sq circuit connected between the base of said power tran-

As will be clear to the skilled technician, the im-
proved circuit of FIG. 3 maintains the advantage of
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sistor and one of said supply rails.
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